




L 

The New England 

J ournal o f Med icine 
@Copy%ht, 1996, by the Massachusetts Medical Society 

Volume 334  MAY 16, 1996  Number  20  

A NATIONAL OUTBREAK OF SALMONELLA ENTERZTZDZS INFECTIONS FROM ICE CREAM 

THOMAS W . HENNESSY, M.D., CRAIG W. HEDBERG, PH.D., LAUREKCE SIXI‘SKER, M.D., M.P.H., 
KAREX E. WHITE, M.P.H., JOHN M. BESSER-WIEK, MS., MICHAEL E. Mow, M.P.H., JOHN FELDMAN, B.S., 

W ILLIAM W. COLEAIAN, M.S., LARRY M. EDI\IONSON, M.P.H., KRISTINE L. MACDONALD, M.D., M.P.H., 
MICHAEI. T. OSTERHOLM, PH.D., M.P.H., AND THE INVT:SI‘IGATIOX TEAM* 

Abstract Backgrcwnd. In September 1994,  the Min- 
nesota Department of Health detected an  increase in the 
numbei  of reports of Salmonella enteritidis infections. Af- 
ter a  case-control :study implicated a  nationally distribut- 
ed  brand of ice cr leam (Schwan’s) in the outbreak, the 
product was recalled and  further epidemiologic and  mi- 
crobiologic investigations were conducted.  

Methods. W e  def ined an  outbreak-associated case of 
S. enteritidis infection as  one  in which S. enteritidis was 
cultured from a  person who became ill in September or 
October 1994.  W e  establ ished national surveil lance and  
surveyed customers of the implicated manufacturer.  The  
steps involved in the manufacture of ice cream associat- 
ed  with cases of !j. enteritidis infection were compared 
with those of products not known to be  associated with 
infection matched for the date of manufacture. Cultures 
for bacteria were obtained from ice cream samples, the 
Ice cream plant, and  tanker trailers that had  transported 
the ice cream base  (premix) to the plant. 

I N the United States, Salmonella enteritidti has  become 
the most commonly reported serotype of salmonel- 

la causing disease in humans.’ A major factor in this 
change  has  been  the consumpt ion of undercooked eggs  
or egg  products contaminated with S. enterztidis.2-” Al- 
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Results. W e  estimate that S. enteritidis gastroenterit is 
developed in 224,000 persons in the United States after 
they ate Schwan’s Ice Cream. The  attack rate for consum- 
ers was 6.6 percent. Ice cream associated with infection 
containexhigher percentage of premix that had  been  
transported by  tanker trailers that had  carried nonpasteur-  
ized eggs  immediately before (P = 0.02). S. enteritidis was 
isolated from 8  of 266  ice cream products (3 percent), but 
not from environmental samples obtained from the ice 
cream plant (n =  157)  or tanker trailers (n =  204). 

Conclusions. This nat ionwide outbreak of salmonello- 
sis was most likely the result of contamination of pasteur- 
ized ice cream premix during transport in tanker trailers 
that had  previously carried nonpasteur ized liquid eggs  
containing S. enteritidis. To  prevent further outbreaks, 
food products not dest ined for repasteurization should be  
transported in dedicated containers. (N Engl J Med  1996;  
334:1281-6.)  
01996. Massachusetts Medcal Society. 

though both homemade  ice cream and  unpasteur ized 
commercial ly made  ice cream have  been  identified as  
vehicles for salmonella infections in humarq5sG ice cream 
made  from pasteurized ingredients has  not. W e  de- 
scribe a  nationwide outbreak of S. enteritidis infections 
due  to the consumpt ion of ice cream made  by a  large 
national producer.  This .IS the largest common-vehic le 
outbreak of salmonellosis ever recognized in the Unit- 
ed  States. 

Background 
METHODS 

The Diviston or Public Ilralth Laboratortcr or the Mmnesota DC- 
partmrnt of Health IS the only dcrcncr laboratory [or serotyplng 
human salmonella isolates m  Mmnesota Uegmning in late Septem- 
ber 1994, the laboratory rcce~ved an incrrased number ol S. ~&rt- 
firlrr isolates from rcstdcntr or southeastern Mmncsota. On October 
5 and 6, we conducted a cast-- control study OF these casts to detrr- 
mmc risk Factors for illness. Pattents were deftnrd as persons wtth 
culture-confirmed S. enferilrciu inrection who resided in southeastern 
Minnesota and who became ill t lurmg Scptcmbcr 1994 Control sub- 
jects weir matched for age and telephone exchangr Srhwan’s KC 
cream had been caten by II of I5 pattents (73 prrrrnt), as comparrd 
with 2 of 15 controls (I3 percrnt) (matchrd odds ratto, 10.0, 95 prr- 
cent confidencr intrrval, I4 to 434; I’=0 007) ’ No other risk L+ctor\ 
WPTC tdentilird On thr bask\ of tl1I.w rrwlts and thr nrrd for urgrnt 



intervention, the Mmnesota Department or Health announced the 
findlngs on October 7, 1994. On October 9, the manufacturer initi- 
ated a nationwide recall of all ice cream made at its plant m  Mar- 
shall, Minnesota. The Food and Drug Administration (FDA) and 
the hlinnesota Department of Agriculture reported the first isola- 
tlon of S. enlenltdu from an unopened carton of ice cream on Octo- 
ber 17, lYY4. The ice cream plant rcmamcd closed untd November 
7, 1994 

Identification of Outbreak-Associated Cases of 
S. enteritidis Infection in Minnesota 

An outbreak-associated confirmed case of S. enlenlrdir mfcctlon 
was defined as a culture-confirmed S. enfen&ti inrection occurring in 
September or October 1994 withm one week after the consumption 
of Schwan’s ~cc cream WC defined an outbreak-associated probable 
case as the occurrence of’ diarrhea (three or more loose stools in a 
24-hour period) plus fever or chdls within one week after product 
consumption Confirmed cases werr identilicd through laboratory- 
based survcillanrc at the Division of Public Ilealth Laborator~cs We 
attempted to mtcrvtcw all patients reported to have S. enlenfwft~ in- 
fiction in Minnesota durmg 1994 to assess their cxpowre to tho nn- 
plicated product. 

National Surveillance for S. enterifidis Infections 

The number of cases of 5’ enlenfidrr Infection reported nationally 
was obtained from the national salmonella surveillance system at the 
Centers for Disease Control and Prevention (CDC), which regularly 
reccwes reports liiom state epidemiologists and directors of pubhc 
health laboratories or salmonella strains Isolated from humans. All 
state epidemiologists were contacted by the Foodborne and Diarrhea1 
Diseases Branch of the CDC on October 18, 1994, to request reports 
of illnesses between July I and December 31, 1994, among persons 
who had eaten Schwan’s ice cream within one week berore the onset 
of illness 

Cross-Sectional Study of Consumers of Schwan’s 
Ice Cream in Minnesota 

S&wan’s ice cream is distributed nationwide (all 48 contiguous 
5tatcs) through a household-delivery system To detrrmme the attack 
rate among KC rrcam consumers, WC studird 200 randomly selected 
households in Minnesota that had purchased Schwan’s ice cream bc- 
twcen September IO and Scptcmbcr 20, 1994, usmg hsts prowlrd b) 
the company T?lephonc mtcrvicws wcrc conductrd wth an adult 
household member between October I7 and October 20, and mfor- 
matlon on each household member was collected on products eaten 
and hlstories ordiarrhcal illness from the time of purchase to the timc 
oT interview (range, 27 to 40 days) For households that had ire cream 
left, WC obtained the date and time of productlon al’ the icr cwam 
From codes prmted on the cartons. 

To wmatc the SIX or thr outbreak, \VC multlphcd thr VOIUW 01 
ice cream dlstributcd m  Mmncsota rrom September I to Scptcmbcr 
30, 1994 (rrportrd hy Schwan’s Salts Enterprlscs, Inc) hy thr number 
or CONIFWS per gallon (3 8 htcrs) or ICC ,-ream (drtcrminrd 111 thl\ 
study) and then by the atrack rate among conwnrr~ Ii) cstlmatr thr 
number or outbreak-assocIatcd CBSP\ nauonw~dr, w uwl the rytlrna- 
rd ~,dr of rhr outbreak in Mmncsota and cutrapolatcd on the b<i~\ 01 
thr total amount of Schwan’s ,cr <-warn rh~trd~urrd ,n thr Umtcd 
Statcs during thl\ 5ame pcrlod 

Investigation of Ice Cream Production 

I~SPCC~IO~S of the Schwnn’s ICC rrcam plant and the t\,‘o l’arditlcs 
that produced the KK- cream baw (prcmlx) wcrr conductrd by the 
Minnrsota Dcpartmcnt of Agriculture and the FDA betwrcn Octobrr 
7 rind October 31, 1994 l%wronmental samples wcrc obtamrd Tar cu. 
turc liom the KC rrcarn plant, TOW or thr tankrr tr-&rg that G~~I-KXI 
,cw ~rran, prrma, and the kwhtles that prodr~ed the pwrmx. 

was defined as any Schwan’s ~cc cram product made hc.twccn July 1 
and September 30, 1994, that was eaten either by a patlrnt wth con- 
firmed S enferifdu inrcctlon or by multiple persons \sith probable n- 
f’cction who had eaten one Schwan’s ICC CK~ product whln \cvcn 
days bcrore the onset ol’illness. Comparison products wrc contancrs 
oTSeh\van’s ice cream produced withm the same pcrlod that wre not 
known to have been eaten by persons with either probable or confirmed 
disease. We attempted to match the products accordmg to flavor and 
size, using the closest available production date both b&ore and aftrrr 
the date of productron or each case-associated product. For example, 
Tar one case-associated product of a 15gallon container of vandla ice 
cream made on August 26, the comparison products were I.5gallon 
containers or vanilla ice cream made on August 1.5 and Scptrmbcr 6, 
1994 We Identdied 21 case-associated and 35 comparison products 
lor this analysis TWO comparison products rverc Found Tar each or I4 
case-assocmtcd products; only I comparison product was found Ior 
the other 7 Data on the rollowIng ~erc collcctcd ror each product 
premix supphers (orwhich there were 2), tankers that carwd the prc- 
nux to the ice cream plant (89), I 5, 05 used to store the prermx at thr 
plant (IO), fla~orvats (l8), and frwcrs (IO). Data on production ~~rrt~ 
prowdcd by Schwan’s, and yhipping records rromJuly I through Scp- 
tcmber 30, 1994, wcrc obtamed From the trucking company that op- 
crated the tankrr traders 

Microbiologic Investigation 

All isolates of salmonella submitted to the Dw~s~on or Pubhc I lealth 
Laboratories were scrotyped.” Stools submitted to the Division 01 
Pubhc Ilealth Laboratories rrom patients with probable salmonellosi\ 
wcrc cultured for salmonella, shigella, campylobactcr, and E~chcrtch~n 
colz 0157:H7.’ Ice cream and enwronmental samples wrrc cultured at 
the Mmnesota Department of’ Agwulturc or FDA laboratories I0 Sr- 
rotyping or nonhuman isolates was performed at the FDA laborato- 
ry.” The Minnesota Department or Agriculture laboratory measurrd 
the concentrations or microorganisms in the samples.“’ Phagc typmg 
MS perrormcd at the CDCn 

Statistical Analysis 

U&&ate odds ratios, tests for trend, and rxact Y5 percent conh- 
dence intervals were determined with Epi-Inro, version 6 (CDC, Atlan- 
ta). The chi-square test or thr two-tailed Flshrr’s exact test was used 
to compare d~fTcrences m  categorical variables McNemar’s chi-squarr 
test wan u?rd in thr matrhrd analysis (Epi-Info, vcrwn 6, CDC) 

RESULTS 

Outbreak-Associated Cases of S. enteritidis Infection in 
Minnesota 

A total of 150 confirmed cases of outbreak-associated 
salmonelloslswere identified in Minnesota. These rep- 
resented 78 percent of the 192 cases of S. e?zterztzdzs m- 
fectton diagnosed during September and October 1994 
(Fig. 1) and 54 percent of the 277 cases reported for all 
of 1994. None of the 26 patients whose cases were dlag- 
nosed between January 1 and June 30, 1994, reportecl 
eating Schwan’s ice cream; 4 of 18 patients (22 percent) 
whose cases were diagnosed durmg July and August re- 
ported eating Schwan’s ice cream, as did 1 of 12 pa- 
tients (8 percent) whose cases were diagnosed m No- 
vember and December. 

The median age of the patients with outbreak-asso- 
ciated confirmed salmonellosis was 13 years (range, 
5 months to 84 years); 93 (62 percent) were male. All 
patients with confirmed salmonellosis reported symp- 
toms of gastroenterltis, with fever reported by 131 of 
144 (91 percent), chills by 95 of 124 (77 percent), and 
bloody stools by 57 of 135 (-12 percent). The median drl- 
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I 

16 during the period. Interviews were 
m 14 
i?4 12 

completed for 159 of the 171 ehgible 

G 1; 
households (93 percent), comprising 

z 
541 persons. A gallon of ice cream 

. 6 
8 4 

was consumed by a median of 3.2 
household members (range, 0 to 13). 

2 Persons who ate Schwan’s ice cream 

I 
15 913 17 21 25 29 15 19 23 27 31 were much more likely to have diar- 

rhea and fever or chills than those 
Date of Onset who did not (30 of 452 [6.6 percent] 

Figure 1. Outbreak-Associated Confirmed Cases of S. enferifidis Infection in Minne- 
vs. 0 of 89; relative risk, undefined; 

sota in September and October 1994, According to the Date of Onset. 
95 percent confidence interval, 1.2 to 
-: P=O.Ol\. 

One hundred fifty cases were reported. I  

The proportion of households from 
each of the five regions in Minneso- 

ta was similar to the proportion of ice cream distrlbut- 
ed to that region. Residents of southeastern Minnesota 
received 11 percent of the ice cream distributed to Min- 
nesota in September 1994 and represented 12 percent 
of the ice cream eaters in our cross-sectional study and 
13 percent of those with probable cases of S. enteritidti 
infection. Therefore, these results, unlike those for the 
rates of confirmed cases in each region, are generaliz- 
able to all Schwan’s customers. 

We estimate that in Minnesota, 29,100 persons be- 
came ill with S. enteritidir gastroeniafter eating 
Schwan’s ice cream that had been shipped between 
September 1 and September 30, 1994 (138,000 gallons 
X 3.2 consumers per gallon X an attack rate of 6.6 per- 
cent). Since approximately 87 percent of the ice cream 
produced by Schwan’s during the outbreak was distrib- 
uted outside Minnesota (Coleman W: personal commu- 
nication), we estimate that S. enteritzdti gastroenteritis 
developed in 224,000 persons nationwide as a result of 
their eating thmct. 

ration of diarrhea was 8 days (range, 1 to 21). Hospital- 
ization was reported by 30 of 112 patients (27 percent); 
there were no deaths reported. 

Residents of southeastern Minnesota accounted for 
94 of the 150 Minnesotans with outbreak-associated con- 
firmed cases (63 percent). The patients from southeast- 
ern Minnesota did not differ with regard to age, sex, or 
clinical characteristics from those from the other four 
geographic regions of Minnesota. The ratio of outbreak- 
associated confirm.ed cases among residents of south- 
eastern Minnesota per 100,000 gallons (380,000 liters) 
of ice cream sold was almost 14 times higher than the 
ratio in the other four regions combined (303 cases vs. 
22 cases per 100,000 gallons of ice cream sold; rate ra- 
tio, 13.6; 95 percent confidence interval, 9.6 to 19.2; 
P<O.OOl). Patients from southeastern Minnesota were 
more likely to report having eaten Schwan’s ice cream 
made on August 26, 1994, than patients from the other 
four regions (odds ratio, 10.5; 95 percent confidence in- 
terval, 1.4 to 100.7,, P=O.O05). During the outbreak, the 
rate of cases of 2;. enteritidis infection not associated 
with the outbreak was also higher in southeastern Min- 
nesota than in the other regions (2.5 cases vs. 0.9 case 
per 100,000 population; rate ratio, 2.9; 95 percent con- 
fidence interval, 1.4 to 5.8; P<O.OOl), suggesting in- 
creased testing for salmonella in that region. 

National Surveillance for S. enteritidis Infections 

In 1994, 10,009 S. enteritidzs infections were reported 
to the CDC, an increase of 21 percent over the 1993 to- 
tal of 8258 cases. During September and October, the 
peak outbreak m.onths, 3299 S. enteritzdis infections 
were reported, representing a 71 percent increase over 
the 1929 cases reported during the same period in 1993. 
Overall, 593 confirmed cases with no deaths were re- 
ported among persons who ate Schwan’s ice cream; 41 
states reported confirmed or probable cases. 

Cross-Sectional Study of Consumers 

Of the 200 randomly selected households that had 
purchased Schwan’s ice cream between September 10 
and September 20, 1994,29 were excluded because they 
could not be located or denied purchasmg ice cream 

Investigation of Ice Cream Production 

The ice cream plant in Marshall, Minnesota, is the 
primary production facility for the door-to-door distri- 
bution system of Schwan’s ice cream. Ice cream was 
made from premix purchased from two suppliers; no 
defects were noted during inspection. The premix was 
transported to the Marshall plant in tanker trailers, 
transferred to storage silos on arrival, and then moved 
to flavor vats and freezers to be made into ice cream. A 
median of 7 tanker-trailer loads of premix (range, 2 to 
19) was used in the manufacture of each product. Nei- 
ther the premix nor other ingredients were pasteurized 
after delivery to the plant. 

Inspection of the ice cream plant revealed no prob- 
lems with equipment, quality-assurance measures, or 
coliform tests of the products. Tests for salmonella rou- 
tinely performed on chocolate flavoring and French- 
vanilla premix before use were negative. No cause of 
salmonella contamination could be found in the plant. 

The tanker trailers that transported the premix were 
also used to carry nonpasteurized liquid eggs, oils, mo- 
lasses, corn syrup, and pasteurized dairy products. The 
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trucking company reported undertaking a new contract 
beginning around July 1, 1994, that greatly increased 
the amount of nonpasteurized eggs they were transport- 
ing from egg-breaking plants in Nebraska and Iowa to 
processing facilities in Minnesota. After July 1, back- 
hauling a load of nonpasteurized eggs after transporting 
a load of ice cream premix became a common practice. 

Neither the production steps studied in the ice cream 
plant nor either premix supplier was significantly asso- 
ciated with ice cream consumed by the case patients. 
However, there was a significant dose-response rela- 
tion between case-associated ice cream products and 
the proportion of loads of premix used that had been 
transported by tanker trailers that had just carried liq- 
uid, nonpasteurized eggs (Table 1). 

Written procedures called for the washing of tanker 
trailers after the delivery of liquid eggs and specified 
that the interior of the tanker trailer was to be washed 
and sanitized, and the outlet valve removed for hand 
cleaning plus sanitization before premix was loaded. 
Officials of the FDA and the Minnesota Department 
of Agriculture noted soiled outlet-valve gaskets, inad- 
equate record keeping, and the lack of routine inspec- 
tion of the interior of the tanker trailer. Documentation 
of cleaning was absent for seven tanker trailers on sev- 
en occasions during the outbreak period. Egg residue 
was discovered in one tanker trailer after cleaning. To 
save time, drivers could elect to bypass the cleaning 
procedure after unloading eggs. Cracks were noted in 
the lining of five tanker trailers, including one associat- 
ed with products consumed by the case patients. Four 
of 21 case-associated products (19 percent) contained 
premix hauled by this tanker trailer, as compared with 
none of 35 comparison products (odds ratio, undefined; 
P = 0.02). 

Microbiologic Investigation 

Of 11 S. enterit& isolates from case patients in Min- 
nesota, 9 were phage type 8 (82 percent), 1 was type 
13a (9 percent), and 1 was type 1 (9 percent). 

Two hundred sixty-six unopened ice cream products 
made on 32 days during the period from July 21 

Table 1 Percentage of Loads of Premix 
Used in Schwan’s Ice Cream That Were 
Transported by Tanker Trailers Immediately 
after Raw Eggs Had Been Transported, Ac- 

cording to the Status of the Product. 

0 2 6 IO 
l-24 1 17 12 

25-50 5 9 17 
51-100 7 3 70 

TOtal 21 3s 

‘Chl.square ,C<L ,or 1rcnd. 5 2. P  = 0 02 

through October 7, 1994, were sampled for culture: 
eight (3 percent) were positive for S. enterittdzs, and one 
was positive for S. thompson. The eight cultures positive 
for S. enterztidzs were obtained from products manufac- 
tured on four days (August 25 and 26 and September 
12 and 15). Phage typing was performed on five of 
these eight isolates; all were phage type 8. Cultures of 
29 flavorings and ingredients did not yield salmonella. 

The concentration of salmonella in four samples pos- 
itive for S. enteritidis was determined (Table 2). The 
highest level of contamination (most probable number 
of organisms per gram of ice cream, 0.093) was meas- 
ured in ice cream products that contained premix from 
the same loads (August 25 and 26). Three of the four 
tanker trailers that had delivered the loads of premix 
used in these products had carried nonpasteurized eggs 
immediately before carrying the premix. Environmen- 
tal samples were obtained for culture at the two premix 
suppliers (n = 47)) from tanker trailers (n = 204)) and at 
the ice cream plant (n = 157); all were negative. On Oc- 
tober 12 through 18, 1994, the FDA obtained samples 
of liquid eggs from three egg-production facilities 
served by the trucking company. Three yielded S. enter- 
ztidis: one was phage type 8 and two were type 13a. 

DISCUSSION 

This nationwide outbreak of S. enteritidzs gastroen- 
teritis, the largest ever recognized in the United States 
as due to a common vehicle, was caused by the con- 
sumption of contaminated ice cream. Our investigation 
suggests that cross-contamination of pasteurized ice 
cream premix occurred during transport in tanker trail- 
ers that had previously hauled nonpasteurized liquid 
eggs containing 5’. enteritidis. These conclusions are sup- 
ported by several findings. First, a case-control study 
demonstrated that S. enteritzdzs infections were associat- 
ed only with the consumption of Schwan’s ice cream. 
Second, a study of Schwan’s customers showed an in- 
creased risk of gastrointestinal illness after consump- 
tion of Schwan’s ice cream. Third, the outbreak ended 
after sales of contaminated ice cream stopped. Fourth, 
S. enterztzdzs was isolated from unopened ice cream prod- 
ucts. Finally, a dose-response relation was demonstrat- 
ed between the proportion of a product’s premix that 
had been carried in tanker trailers immediately after an 
egg load and the likelihood of that product’s being as- 
sociated with illness. Ice cream premix was not repas- 
teurized after transportation; thus, any contamination 
that occurred during transport would not have been 
eliminated at the ice cream plant. 

In estimating the size of this outbreak we assumed 
that the attack rate calculated from the study of 
Schwan’s customers in Mmnesota was representative of 
all ice cream consumers and that the number of people 
eating each gallon of ice cream was constant. In addi- 
tion, we did not account for the possible effect of mu- 
tiple exposures. However, we beheve that our estimates 
are conservative because they were based only on m  
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Table 2. Concentration of S. enteritids in Samples 
of Schwan’s Ice Cream Produced in August and 

September 1994. 

August 25  0093 (0079-I 013) 60  
Augurr 25$ <o 003 <a2 
August 26  0093(0079-1 013) 6.0 
September 12  -co 003 CO2 

*Cl dcnowr conldc,,ce ,nlerval 
tone h&cup (65 L’) IS Ihe rerwng S,IC Idenwied on ,he pachge la- 

be& 
tThc ICC crcam prcrn~x used m  0u.s sample amc from ddTemnt tier- 

wader loads Ihan lhc other rample produced on Augur 25 

cream distributed in September 1994  and on  a  conser-  
vative case definition (diarrhea combined with fever or 
chills).. 

The  identificatialn of this nationwide outbreak fol- 
lowed the recognit ion of a  cluster of cases in southeast- 
ern Minnesota. This sentinel event  was probably the 
result of increased distribution of the most highly con- 
taminated ice cream products and  increased culturing 
of ill persons living in that region. Despite intense local 
and  national press coverage of the outbreak and  en- 
hanced case-f inding efforts, only 150  culture-confirmed 
cases associated with the outbreak were reported in 
Minnesota and  593  nationwide. These represent ap- 
proximately 0.5 percent of the estimated cases in Min- 
nesota and  0.3 percent of the cases estimated to have 
occurred nationally. This degree of underdetect ion has 
been  described previously and  is an  example of the in- 
sensitivity of our  current surveil lance systems for enter- 
ic disease at the local, state, and  national levels.12 The 
occurrence of this outbreak emphasizes the need  to en- 
hance public health surveil lance of infectious diseases 
at all levels. 

When  the Minnesota Department of Health an- 
nounced the association between the consumption of 
Schwan’s ice cream and  S. enterztidti infection on  Octo- 
ber 7, 1994,  the evidence implicating this product was 
limited to a  single case-control study of 15  matched 
pairs. Laboratory isolation of S. enteritidis in samples of 
Ice cream was not reported until 10  days later. Had our 
announcement  been  delayed until the receipt of this 
confirmation, many more people would have become ill 
after eating this product.  Therefore, public health offi- 
clals should not require confirmation of microbial con- 
tamination of a  product before taking action when suf- 
ficient epidemiologic evidence implicates that product.  
Our  exper ience in Minnesota has repeatedly demon-  
strated the power of the case-control study to identify 
a  contaminated v’ehicle in the absence of support ing 
laboratory evidence.‘J-2S 

The highest level of product contamination docu-  
mented in this outbreak was only six organisms per 

half-cup (65-g) serving of ice cream. Prior reports of 
outbreaks of salmonellosis have suggested the presence 
of similarly low levels of contaminat ion.24~26 Because ice 
cream is distributed, stored, and  eaten in a  frozen state, 
the concentrat ion of S. enteritidis measured in the ice 
cream is likely that which was ingested by consumers.  
This finding confirms that low-level contamination of 
foods by salmonella, and  thus extremely low infectious 
doses,  can cause disease in humans.  Current quality- 
assurance programs, such as the one  in the Schwan’s ice 
cream plant, appear  to be  inadequate in detecting very 
low levels of contamination. Improved techniques are 
needed  in the food industry to ensure product safety. 

Increasing emphasis is being placed on  improving 
food safety through Hazard Analysis and  Critical Con- 
trol Point (HACCP) programs. These programs are 
based on  the identification of potential hazards and  
critical control points at which these hazards may be  
prevented or eliminated. The process is intended to re- 
view each step from the procurement of raw materials 
to the point of consumption. A critical control point in 
the product ion of this ice cream was the transportation 
of pasteurized premix in tanker trucks that had  previ- 
ously carried nonpasteur ized eggs.  Had the ice cream 
manufacturer or the premix suppliers implemented 
comprehensive HACCP programs, this critical control 
point could have been  recognized and  the outbreak 
prevented. All responsible state and  federal regulatory 
agencies should require that food-grade products be  re- 
pasteurized after transportation or be  transported in 
dedicated tanker trailers. 

Foodborne diseases cont inue to present a  major chal- 
lenge to public health authorities in carrying out the 
core functions of outbreak detection and  control, which 
rely on  timely disease surveillance. Surveil lance for 
foodborne illness requires that clinicians have a  high 
index of suspicion and  thus order appropriate laborato- 
ry tests and  requires timely reporting of positive culture 
results to public health agencies. Although an  individu- 
al stool culture may yield limited clinically useful infor- 
mation, multiple stool cultures from a  community can 
be  critical in detecting and  limiting ongoing outbreaks, 
as illustrated in this investigation. W e  encourage health 
care providers and  payers to consider this point when 
deciding which diagnostic tests are appropriate for a  
patient with a  possible foodborne or waterborne illness. 
Methods to enhance surveil lance include promoting 
awareness of foodborne illness among the public and  
providers, encouraging appropriate microbiologic test- 
ing in suspected cases, ensuring timely and  centralized 
disease reporting by adequate  numbers of trained pub-  
lic health staff, using serotype-specif ic identification of 
isolates with further molecular subtyping, and  coordi- 
nating control efforts regionally and  nationally. 
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